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(54) DEVICE FOR CONTROLLING INTERNAL COMBUSTION ENGINE

(57) According to the invention, a particulate matter
sensor (8) is installed in an exhaust passage (4) of an
internal-combustion engine (2). A control unit (10) for this
internal-combustion engine (2) detects a particulate
amount in an exhaust gas through the exhaust passage
(4) in response to an output from the particulate matter
sensor (8). Further, the control unit (10) for the internal-
combustion engine (2) forms a particulate layer on elec-
trode surfaces of the particulate matter sensor by apply-
ing a particulate capturing voltage between the elec-
trodes during a first period. Further, the control unit main-
tains the formed particulate layer during a second period.
It is noted here that the phrase "maintain the formed par-
ticulate layer" means to include "maintaining the formed
particulate layer as it is" and "inhibiting control to remove
the particulate layer".
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Description

TECHNICAL FIELD

[0001] The present invention relates to a control unit
for internal-combustion engine. More specifically, the in-
vention relates to a control unit for internal-combustion
engine that includes a particulate matter sensor installed
in an exhaust passage of the internal-combustion engine
and detecting an amount of particulate matter in an ex-
haust gas.

BACKGROUND ART

[0002] In a system disclosed in Patent Document 1,
for example, a DPF (Diesel Particulate Filter) for captur-
ing particulate matter in an exhaust gas (hereinafter, also
referred to as "PM") is disposed in the exhaust passage
of the internal-combustion engine. Disposed down-
stream of the DPF is a PM sensor for detecting the
amount of PM which was not captured by the DPF and
allowed to pass therethrough.
[0003] The PM sensor of Patent Document 1 includes
an insulating layer allowing the adhesion of PM and elec-
trodes disposed on the insulating layer and spaced from
each other. When the PM sensor is exposed to the ex-
haust gas so that the PM in the exhaust gas is deposited
between the electrodes, conductivity between the elec-
trodes varies according to the deposition amount of PM
and hence, inter-electrode resistance varies. According
to Patent Document 1, the PM amount in the exhaust
gas related with the amount of inter-electrode PM depo-
sition is detected by detecting the resistance value of the
PM sensor. Hence, a malfunction of DPF or the like is
detected based on the resistance value of the PM sensor.
[0004] By the way, when the amount of inter-electrode
PM deposition exceeds a given value, the inter-electrode
resistance does not vary any more, which disables the
subsequent output of a value corresponding to a PM dep-
osition amount. According to a technique of Patent Doc-
ument 1, on the other hand, at a point in time when the
amount of inter-electrode PM deposition is increased to
some degree, PM reset is performed by heating an ele-
ment part of the PM sensor by means of a built-in heater
for a predetermined length of time so as to combustively
remove the deposited PM.

PRIOR ART DOCUMENT

PATENT DOCUMENTS

[0005] Patent Document 1: Japanese Patent Applica-
tion Publication No. 2009-144577 (JP 2009-144577 A)

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] By the way, the exhaust gas contains Ash (soot)
derived from a lubricant and metal compounds derived
from oxidation of a catalyst as well as the PM including
soot (soot-like substances such as carbon) and SOF (sol-
uble organic fraction) which derive from combustion in
the internal-combustion engine. If these Ash and metal
compounds become adhered to the electrodes of the PM
sensor, the sensor output may sometimes vary. Accord-
ingly, the adhesion of Ash and the metal compounds
(hereinafter, also referred to as "poisonous substances"
including Ash and the metal compounds) can possibly
induce an event that malfunction detection of DPF and
the like based on the sensor output is decreased in ac-
curacy.
[0007] In addition, Ash and the metal compounds have
higher combustion temperatures than the PM so that it
is difficult to combustively remove these substances by
a process of overheating the element part using the heat-
er built in the PM sensor. If the poisonous substances
directly adhere between the electrodes, the adhered poi-
sonous substances remain on the electrodes even after
the combustion removal of the PM. With repeated PM
resets, the amount of adhered poisonous substances
progressively increase, further lowering the accuracies
of the PM amount detection by the PM sensor and the
malfunction detection of DPF based on the above detec-
tion result.
[0008] With an aim to address the above problem, the
invention provides a control unit for internal-combustion
engine that is so improved as to suppress the adhesion
of Ash and metal compounds contained in the exhaust
gas to the electrodes and to maintain high accuracies of
the PM amount measurement.

MEANS FOR SOLVING THE PROBLEM

[0009] According to the invention for achieving the
above object, a particulate matter sensor is installed in
an exhaust passage of the internal-combustion engine.
According to the invention, a control unit for internal-com-
bustion engine includes: detecting means for detecting
a particulate amount in an exhaust gas through an ex-
haust passage in response to an output from the partic-
ulate matter sensor; forming means for forming a partic-
ulate layer on surfaces of electrodes of the particulate
matter sensor by applying a particulate capturing voltage
between the electrodes during a first period; and main-
taining means for maintaining, during a second period,
the state where the particulate layer is formed. It is noted
here that the "maintaining means" includes means for
maintaining the state of the formed particulate layer as
it is and means for inhibiting the control to remove the
particulate layer.
[0010] The control unit for internal-combustion engine
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according to the invention is applicable to a structure
wherein a particulate capturing filter for capturing the par-
ticulate matter in the exhaust gas is disposed in the ex-
haust passage at place upstream of the particulate matter
sensor. In this case, the above "first period" may be de-
fined as a period between the completion of malfunction
detection control to determine whether a malfunction of
the particulate capturing filter exists or not and a refer-
ence output reached by the output of the particulate mat-
ter sensor, and the above "second period" may be de-
fined as a period between the reference output reached
by the output of the particulate matter sensor and the
shutdown of the internal-combustion engine. In this case,
the maintaining means may maintain the particulate layer
by stopping the application of the capturing voltage.
[0011] The control unit for internal-combustion engine
according to the invention may further include means for
combustively removing the particulate matter deposited
on an element part by raising the temperature of the el-
ement part. In this case, the control unit for internal-com-
bustion engine may further include temperature control
means for controlling the element part to be at a prede-
termined temperature lower than a temperature for com-
bustive removal of the particulate matter but high enough
to suppress the deposition of the particulate matter on
the element part during a period between the voltage
application by the forming means continued till an output
of the particulate matter sensor reaches the reference
output and the shutdown of the internal-combustion en-
gine.
[0012] The control unit for internal-combustion engine
according to the invention is applicable to the structure
wherein the particulate capturing filter for capturing the
particulate matter in the exhaust gas is disposed in the
exhaust passage at place upstream of the particulate
matter sensor. In this case, "the first period" may include
at least a period up to the start of filter regeneration control
to remove the particulate matter deposited in the partic-
ulate capturing filter, and "the second period" may include
at least a period between the prediction of the start of the
filter regeneration control and the completion of the filter
regeneration control. Further, the control unit for internal-
combustion engine may include removing means for
combustively removing the particulate matter deposited
on an element part by raising the temperature of the el-
ement part formed with the electrodes of the particulate
matter sensor, and have the structure wherein the main-
taining means maintains the particulate layer by inhibiting
the combustive removal of the particulate matter depos-
ited on the element part.
[0013] In this case, "the first period" may include a pe-
riod between the prediction of the start of the filter regen-
eration control and the start of the filter regeneration con-
trol, or "the second period" may further include a period
between the completion of the filter regeneration control
and a reference deposition amount exceeded by the par-
ticulate matter deposited in the particulate capturing filter.
[0014] According to the invention, the control unit for

internal-combustion engine may further include: means
for estimating a particulate amount in the exhaust gas
emitted from the internal-combustion engine; and inhib-
iting means for inhibiting the maintenance of the partic-
ulate layer by the above-described maintaining means
in a case where the estimated particulate amount is
smaller than a reference emission volume.

EFFECT OF THE INVENTION

[0015] According to the invention, the particulate layer
is formed on the electrode surface of the particulate mat-
ter sensor during the first period, and this particulate layer
is maintained during the second period. Herewith, the
electrode surface of the particulate matter sensor is pro-
tected during the second period so that the direct adhe-
sion of the poisonous substances in the exhaust gas onto
the electrode surface can be suppressed. Even if the
poisonous substances adhere onto the particulate layer
on the electrode surface during the second period, the
poisonous substances can be scattered in the combus-
tion removal of the particulate layer adhered to the elec-
trodes. Thus, the increase of the amount of poisonous
substances adhered onto the electrodes can be sup-
pressed. Herewith, time degradation of the particulate
matter sensor, such as output variations, can be avoided.
[0016] In particular, the state where the particulate
matter deposited on the element part is combustively re-
moved is established before the start of malfunction de-
tection control for the particulate capturing filter, for ex-
ample. Therefore, if the state with the particulate matter
removed from the element part is allowed to stand as it
is after the completion of the malfunction detection con-
trol for the particulate capturing filter, the poisonous sub-
stances in the exhaust gas can possibly adhere directly
to the electrodes together with the particulate matter. In
this regard, however, if the particulate layer is formed by
applying the particulate capturing voltage during the "first
period" between the completion of the malfunction de-
tection control for the particulate capturing filter and the
reference output exceeded by the output of the particu-
late matter sensor and then, is maintained till the shut-
down of the internal-combustion engine, as taught by the
invention, the electrodes can be protected by the partic-
ulate layer during a period following the completion of
the malfunction detection control for the particulate cap-
turing filter, in which the output from the particulate matter
sensor is not used. Therefore, the increase of the amount
of poisonous substances deposited on the electrodes
can be suppressed.
[0017] It is noted here that the particulate layer has
some degree of water repellent effect. Therefore, if the
control unit is adapted to maintain the particulate layer
during the period up to the shutdown of the internal-com-
bustion engine, the particulate matter sensor can be
more quickly raised in temperature at the subsequent
start-up of the internal-combustion engine, while prevent-
ing element fracture due to exposure to water.
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[0018] If the control unit has means for controlling the
element part to be at the predetermined temperature to
suppress the deposition of the particulate matter after
the end of applying the capturing voltage to the particulate
matter sensor, the deposition of the poisonous substanc-
es on the element part can be more assuredly prevented.
At the subsequent start-up of the internal-combustion en-
gine, the particulate matter sensor can be made ready
for the particulate amount detection by more promptly
raising the temperature of the particulate matter sensor.
[0019] Particularly during the period of filter regenera-
tion control to remove the particulate matter deposited in
the particulate capturing filter, for example, the amount
of the particulate matter and poisonous substances al-
lowed to pass through the particulate capturing filter and
emitted to the downstream tends to increase. In this re-
gard, however, if the particulate layer is formed during
the period before the start of filter regeneration control
and the particulate layer is maintained during the period
between the prediction of the start of filter regeneration
control and the completion of the control, as taught by
the invention, the state where the electrodes are protect-
ed with the particulate layer is established before entering
an operational region where the poisonous substances
are apt to increase. Thus, the electrodes can be protected
with the particulate layer during the period when the poi-
sonous substances increase. Herewith, the direct adhe-
sion of the poisonous substances to the electrodes can
be prevented and hence, the degradation of the particu-
late matter sensor can be suppressed.
[0020] After the filter regeneration control, the particu-
late matter and poisonous substances emitted to the
downstream of the particulate matter sensor are apt to
increase till a certain amount of particulate matter depos-
its in the particulate capturing filter. In this regard, how-
ever, if the particulate layer is also maintained during the
period between the completion of the filter regeneration
control and the reference deposition amount exceeded
by the particulate matter deposited in the particulate cap-
turing filter, the direct adhesion of the poisonous sub-
stances to the electrodes can be suppressed under an
environment where a large amount of poisonous sub-
stances exist.
[0021] According to the invention, in the structure
where the maintenance of particulate layer is inhibited
when the estimated particulate amount in the exhaust
gas emitted from the internal-combustion engine is lower
than the reference emission volume, the particulate mat-
ter sensor can be operated with higher accuracies in a
region where the particulate amount is particularly low.
Herewith, the particulate matter sensor can be operated
effectively while suppressing the degradation thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a schematic diagram illustrating an overall

structure of a system according to a first embodiment
of the invention;
FIG. 2 is a schematic diagram illustrating a configu-
ration of an element part of a PM sensor according
to the first embodiment of the invention;
FIG. 3 is a flow chart showing the steps of a control
routine executed by a control unit according to the
first embodiment of the invention;
FIG. 4 is a graph illustrating an effect of the control
according to the first embodiment of the invention;
FIG. 5 is a flow chart showing the steps of a control
routine executed by a control unit according to a sec-
ond embodiment of the invention;
FIG. 6 is a flow chart showing the steps of a control
routine executed by a control unit according to a third
embodiment of the invention; and
FIG. 7 is a flow chart showing the steps of a control
routine executed by a control unit according to a
fourth embodiment of the invention.

MODES FOR CARRYING OUT THE INVENTION

[0023] The embodiment of the invention will be de-
scribed as below with reference to the accompanying
drawings. Identical or equivalent elements in the figures
will be referred to by like reference numerals, description
of which will be simplified or dispensed with.

First Embodiment

[0024] Structure of System according to the Embodi-
ment
[0025] FIG. 1 is a diagram for illustrating an overall
structure of a system according to an embodiment of the
invention. In the system shown in FIG. 1, a DPF 6 (Diesel
Particulate Filter) is installed in an exhaust passage 4 of
an internal-combustion engine 2. The DPF 6 is a filter for
capturing a particulate matter (PM) contained in an ex-
haust gas. A PM sensor 8 (particulate matter sensor) is
installed in the exhaust passage 4 at place downstream
of the DPF 6. The PM sensor 8 is used for detecting the
PM amount in the exhaust gas passed through the DPF 6.
[0026] This system includes a control unit 10. The PM
sensor 8 and a variety of sensors are connected to an
input side of the control unit 10. Various actuators of the
internal-combustion engine 2 are connected to an output
side of the control unit 10. The control unit 10 provides
various controls related to the internal-combustion en-
gine 2 by executing predetermined programs based on
input information from the various sensors and operating
the various actuators.
[0027] FIG. 2 is a schematic diagram showing in en-
larged dimension an element part of the PM sensor 8
according to the first embodiment of the invention. As
shown in FIG. 2, the element part of the PM sensor 8
includes a pair of electrodes 12, 14 mounted on a surface
thereof. The pair of electrodes 12, 14 are arranged a
given distance apart from each other so as to be out of

5 6 



EP 2 740 910 A1

5

5

10

15

20

25

30

35

40

45

50

55

contact with each other. Further, the electrodes 12, 14
have a comb-shaped part, respectively and are so ar-
ranged as to be interdigitated with each other at the
comb-shaped parts thereof. The electrodes 12, 14 are in
contact with an insulating layer 16 formed thereunder.
The insulating layer 16 has a function to allow the PM to
adhere thereto. An unillustrated heater is embedded in
the insulating layer 16 under the electrodes 12, 14.
[0028] The electrode 12 and the electrode 14 are con-
nected to a power supply (not shown) via a supply circuit
and the like, respectively. Herewith, a predetermined
voltage can be applied between the electrode 12 and the
electrode 14. The heater is connected to a power supply
(not shown) via a supply circuit and the like so that the
element part is heated by supplying a predetermined
electric power to the heater. The supply circuit and the
like are connected to and controlled by the control unit 10.
[0029] Summary of Control according to the Embodi-
ment
[0030] The control provided by the control unit 10 ac-
cording to the embodiment includes: detection of PM
amount in exhaust gas and malfunction decision on DPF
6 based on the detection result; regeneration of DPF 6;
malfunction decision on DPF 6; and resetting of PM sen-
sor 8.

(1) Detection of PM Emission Volume

[0031] In the detection of PM emission volume, the
control unit 10 applies a "capturing voltage" as voltage
to capture the particulate matter between the electrodes
12, 14. When the capturing voltage is applied between
the electrodes 12, 14, the PM in the exhaust gas is cap-
tured and deposited between the electrodes 12, 14. With
the increase in the PM deposited between the electrodes
12, 14, conductive areas between the electrodes 12, 14
increase so as to reduce resistance between the elec-
trodes 12, 14. In the following embodiments, a current
value is detected as a sensor output of the PM sensor 8.
Namely, the output of the PM sensor 8 increases with
the increase in the amount of PM deposited between the
electrodes 12, 14. Further, the amount of PM deposited
between the electrodes 12, 14 increases or decreases
in conjunction with the PM amount in the exhaust gas,
namely the amount of PM passed through the DPF 6 and
emitted to the downstream.
[0032] In the first embodiment, therefore, a relation be-
tween the sensor output and the PM emission volume is
previously determined. Based on this relation, the PM
emission volume in the exhaust gas is detected accord-
ing the output from the PM sensor 8. Hereinafter, a state
where the sensor output is detected while applying the
capturing voltage will be also referred to as "PM detection
mode". It is assumed that the element part is maintained
at temperature equal to or less than 300°C in the PM
detection mode.

(2) DPF Malfunction Decision (Malfunction Decision 
Control)

[0033] A malfunction of the DPF 6 may result in an
event that the PM is allowed to pass through the DPF 6
and emitted to the atmosphere. Therefore, the control
unit 10 periodically performs control to determine wheth-
er any malfunction of the DPF 6 exists or not. Specifically,
the control unit 10 estimates the amount of PM contained
in the exhaust gas rearward (downstream) of the DPF 6
according to a model. The control unit 10 decides on the
presence of some malfunction of the DPF 6 by comparing
the estimated amount (hereinafter, also referred to as
"estimated PM emission volume") and the PM emission
volume corresponding to the output of the PM sensor 8.
That is, the control unit determines that the DPF 6 is
broken down if a detection value of the PM emission vol-
ume based on the output from the PM sensor 8 is greater
than the estimated PM emission volume. It is noted that
the estimated PM emission volume used for this decision
is a value given by adding an allowable margin to the
estimated emission volume of PM contained in the ex-
haust gas downstream of the DPF 6, the estimated emis-
sion volume calculated based on the model.

(3) Regeneration of DPF 6 (Filter Regeneration Control)

[0034] If the DPF 6 continues to capture the PM in the
exhaust gas, the amount of PM deposited in the DPF 6
(also referred to as "PM deposition amount") will even-
tually reaches a limit so that the DPF 6 cannot capture
the PM any more. In order to avoid such an event, a
processing of recovering the DPF 6 by combustively re-
moving the PM is performed when the PM deposition
amount reaches some level.
[0035] Specifically, in the regeneration process of DPF
6, the control unit 10 performs control to raise exhaust
gas temperature according to predetermined control pro-
grams such as a control to re-inject a fuel after fuel in-
jection, a control to delay injection timing, and the like.
Thus, the PM deposited in the DPF 6 is removed by com-
bustion. Much of the PM deposited in the DPF 6 is re-
moved by performing such a combustion removal of PM
for a given length of time and the regeneration of DPF 6
is completed.
[0036] The control unit 10 estimates the deposition
amount of PM in the DPF 6 by estimating the PM amount
in the exhaust gas emitted from the internal-combustion
engine 2 according to a model or the like. The control
unit determines a time when the estimated amount (here-
inafter, also referred to as "estimated deposition amount
of PM") reaches a predetermined amount as a timing of
the regeneration of DPF 6, and performs the above re-
generation process.
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(4) PM Reset (Control to Remove Particulate Matter by 
Combustion)

[0037] The output from the PM sensor 8 is an output
varying according to the amount of PM deposited on the
element part. Therefore, a predetermined time to start
the malfunction decision on DPF 6 or a predetermined
time following the regeneration of DPF 6 need be pre-
ceded by the removal of PM having deposited in the PM
sensor 8. This PM removal process is also referred to as
"PM reset".
[0038] In the PM reset, the control unit 10 supplies a
predetermined electric power to the heater of the PM
sensor 8 so as to overheat and raise the temperature of
the element part of the PM sensor 8. Thus, the PM ad-
hered to the element part of the PM sensor 8 is combus-
tively removed. It is assumed that the temperature for
PM reset is higher than 500°C.
[0039] The PM reset may be performed at various tim-
ings. It is a general practice to perform the PM reset im-
mediately after the start-up of the internal-combustion
engine 2. After completion of the PM reset, the control
unit is placed in a PM detection mode to perform the
malfunction decision on the DPF 6.

Characteristic Control of the Embodiment

[0040] By the way, the exhaust gas contains Ash de-
rived from a lubricant and metal compounds such as sul-
fate derived from oxidation of a catalyst as well as the
PM including soot (soot-like particulate matter) and SOF
(soluble organic fraction) which derive from combustion
in the internal-combustion engine 2. In the following em-
bodiments, only the components, such as soot and SOF,
which are a detection object of the PM sensor 8 and de-
rived from the combustion in the internal-combustion en-
gine 2, will be defined as the "PM" as needed while the
components such as Ash and metal compounds which
are not derived from the combustion in the internal-com-
bustion engine 2 will be defined as "poisonous sub-
stance" to be distinguished from the above.
[0041] The poisonous substances adhere to place be-
tween the electrodes 12, 14 of the PM sensor 8 together
with the PM, affecting resistance value between the elec-
trodes 12, 14. Therefore, in a case where the exhaust
gas contains the poisonous substances, which adhere
to the electrodes 12, 14, the adhered poisonous sub-
stances may induce variations in the sensor output, lead-
ing to an event that the sensor is incapable of exact de-
tection of the PM amount.
[0042] Although the PM is combustively removed at
PM reset temperature, much of the poisonous substanc-
es cannot be combusted, remaining adhered between
the electrodes 12, 14. If the PM reset is repeated, there-
fore, the poisonous substances remaining between the
electrodes 12, 14 progressively accumulate so that the
deviation of output from the PM sensor 8 progressively
increases. Thus, the PM sensor 8 may progressively de-

teriorate.
[0043] In the above-described malfunction decision on
the DPF 6, for example, the malfunction of the DPF 6 is
determined by comparing the estimated deposition
amount of PM as estimated based on the model of the
internal-combustion engine 2 and the PM emission vol-
ume corresponding to the output from the PM sensor 8.
Therefore, in a case where the output from the PM sensor
8 is deviated due to the adhered poisonous substances,
it is possible that correct decision is not made on the
malfunction of the DPF 6.
[0044] It is therefore desirable to reduce the amount
of poisonous substances adhered to the electrodes 12,
14 of the PM sensor 8, so as to suppress the output var-
iations of the PM sensor 8 caused by the poisonous sub-
stances. Hence, the following control is performed ac-
cording to the first embodiment.

Characteristic Control of the Embodiment

[0045] According to the first embodiment, the PM reset
is first performed by raising the temperature of the ele-
ment part after completion of engine warm-up following
the start-up of the internal-combustion engine 2. Subse-
quently, the malfunction decision on the DPF 6 is per-
formed. A state where the PM is collected between the
electrodes 12, 14 by applying the capturing voltage is
maintained during a period (first period) between the
completion of the malfunction decision on the DPF 6 and
a first reference value Ref1 (reference output) reached
by the output of the PM sensor 8. Thus, a poisoning pre-
vention layer (particulate layer) as a PM layer is formed
on the electrode surfaces 12, 14.
[0046] After the formation of the poisoning prevention
layer, the application of capturing voltage is shut off and
the temperature of the element part is maintained at
about 300°C till the shutdown of the internal-combustion
engine 2. Namely, the state where the poisoning preven-
tion layer is formed on the electrode surfaces 12, 14 is
maintained as it is during a period between the first ref-
erence value Ref1 reached by the output of the PM sen-
sor 8 and the shutdown of the internal-combustion engine
2 (second period). This poisoning prevention layer pre-
vents the poisonous substances in the exhaust gas from
directly adhering to the electrodes 12, 14.
[0047] Even though the application of the capturing
voltage is shut off, the PM and poisonous substances
are made to adhere between the electrodes 12, 14 by
inertial force. If the poisonous substances adhere, how-
ever, a thin poisoning prevention layer made of the PM
layer is previously formed between the electrodes 12,
14. Much of the poisonous substances deposited on this
poisoning prevention layer is separated and scattered
from the electrodes 12, 14 by the combustion of the un-
derlying PM layer when the PM reset is performed.
Hence, the amount of poisonous substances remaining
on the electrodes 12, 14 after the PM reset can be re-
duced.
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[0048] Further, there is a potential of element fracture
caused by heat stress if the temperature of the element
part is raised immediately after the start-up of the internal-
combustion engine 2 when the exhaust gas is at low tem-
perature. It is therefore a general practice to perform the
PM reset after the internal-combustion engine 2 is fully
warmed up. However, the poisoning prevention layer
formed of the PM has a water repellent effect. Hence,
droplet contact area of the element part can be reduced
to reduce the heat stress induced by temperature rise. If
the PM reset is started shortly after the start-up of the
internal-combustion engine 2, the element fracture can
be prevented so that the control unit can enter the PM
detection mode promptly.

Specific Control Routine of the Embodiment

[0049] FIG.3 is a flow chart showing the steps of a con-
trol routine executed by the control unit according to the
embodiment of the invention. The routine of FIG. 3 is a
routine executed at intervals of a given time period during
the operation of the internal-combustion engine. In the
routine of FIG. 3, whether the malfunction detection of
DPF 6 is completed or not is first determined (S102). In
this routine, the start-up of the internal-combustion en-
gine 2 is followed by the malfunction detection of DPF 6.
"YES" is given only when the first decision process after
completion of the malfunction detection is performed. It
is assumed here that the malfunction detection is per-
formed once in one operation from start-up to shutdown
of the internal-combustion engine 2. When an initiation
condition of the malfunction detection of DPF 6 is satis-
fied, the malfunction of the DPF 6 is detected by com-
paring the estimated amount of PM emitted to the down-
stream of the DPF 6 and the estimated PM emission vol-
ume based on the output of the PM sensor 8. Aside from
this routine, however, the malfunction detection of DPF
6 is performed according to a control program stored in
the control unit 10.
[0050] If it is not determined in Step S102 that the mal-
function detection of DPF 6 is completed, this processing
is terminated. On the other hand, if it is determined in
Step S102 that the malfunction detection of DPF 6 is
completed, the subsequent step is performed to detect
an output of the PM sensor 8 (S104). Next, whether or
not the sensor output is smaller than the first reference
value Ref1 (reference output) is determined (S106). The
first reference value Ref1 means a value which is set
based on an output provided when an amount of PM
equivalent to the poisoning prevention layer is deposited
on the electrodes 12, 14 and is stored in the control unit
10.
[0051] If "sensor output > first reference value Ref1" is
not established in Step S106, Steps S104 to S106 to
detect the sensor output and to determine whether or not
"sensor output > first reference value Ref1" is established
are repeated. On the other hand, if "sensor output > first
reference value Ref1" is established in Step S106, it is

determined that a predetermined amount of PM is de-
posited on the electrodes 12, 14 to form the poisoning
prevention layer thereon. In this case, the subsequent
step is performed to turn off the capturing voltage (Step
S108). Thus, electrostatic collection of PM in the PM sen-
sor 8 is terminated. The state where the thin poisoning
prevention layer is formed on the electrodes 12, 14 is
maintained as it is by turning off the power supply and
hence, the direct adhesion of the poisonous substances
onto the electrode surfaces 12, 14 can be prevented.
[0052] Subsequently, the sensor temperature is main-
tained at about 300°C (Step S110). Thus is prevented
the adhesion of the PM and poisonous substances to the
element part. By maintaining the sensor at such high tem-
peratures, the warm-up of the PM sensor 8 can be
promptly completed at the subsequent engine start, per-
mitting the system to enter the PM detection mode.
Thereafter, the present process is terminated in this
state.
[0053] According to the first embodiment, as described
above, the direct adhesion of the poisonous substances
onto the electrodes 12, 14 can be prevented by turning
off the capturing voltage in the state where the poisoning
prevention layer is formed. Since the poisoning preven-
tion layer is formed, even the poisonous substances de-
posited thereon can be separated and scattered in con-
junction with the combustion of the poisoning prevention
layer in the execution of the PM reset.
[0054] FIG. 4 is a graph illustrating the difference in
the variation of output sensitivity against the period of
use by comparing the PM sensor 8 of the first embodi-
ment and a conventional PM sensor. In FIG. 4, the period
of use is plotted on the abscissa and the output sensitivity
on the ordinate. Further in FIG. 4, a curve (a) represents
the variation of output sensitivity of the conventional sen-
sor while a curve (b) represents the variation of output
sensitivity of the PM sensor 8 to which the control of the
first embodiment is applied. As indicated by the curve (a)
in FIG. 4, the conventional PM sensor is decreased in
the output sensitivity with increase in the length of period
of use due to the deposition of the poisonous substances.
As indicated by the curve (b) in FIG. 4, on the other hand,
the PM sensor 8 of the first embodiment is decreased in
the poisonous-substance deposition between the elec-
trodes 12, 14 and hence, can maintain high output sen-
sitivity even though the period of use is extended.
[0055] According to the first embodiment, a period be-
tween the completion of malfunction detection of the DPF
6 and the first reference value Ref1 reached by the sensor
output, for example, is equivalent to the "first period" of
the invention. "Forming means" of the invention is imple-
mented by applying the capturing voltage during this first
period. Further according to the first embodiment, a pe-
riod between the first reference value Ref1 reached by
the sensor output and the shutdown of the internal-com-
bustion engine 2, for example, is equivalent to the "sec-
ond period" of the invention. "Maintaining means" of the
invention is implemented by disabling the application of
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the capturing voltage (S108) during this second period.
Further, "temperature control means" of the invention is
implemented by maintaining the element temperature at
about 300°C (S110).
[0056] According to the invention, however, the "first
period" during which the capturing voltage is applied for
forming the poisoning prevention layer is not limited to
this. For example, the "first period" may be defined by a
period of a given length of time after the completion of
malfunction detection of the DPF 6 and the poisoning
prevention layer may be formed by applying the capturing
voltage during this period. The same also holds for the
following embodiments.
[0057] Further according to the invention, the "second
period" during which the state where the poisoning pre-
vention layer is formed is maintained is not limited to the
period up to the shutdown of the internal-combustion en-
gine 2. In a case where the malfunction detection of DPF
6 is performed multiple times during one operation from
the start-up to the shutdown of the internal-combustion
engine 2, for example, the "second period" may be de-
fined by a period between the completion of the present
malfunction detection of DPF 6 followed by the formation
of the poisoning prevention layer and the start of the next
malfunction detection of DPF 6. The same also holds for
the following embodiments.
[0058] The first embodiment illustrates the case where
the element temperature is maintained at about 300°C
after the formation of the poisoning prevention layer
(S110), but the invention is not limited to this. Such a
temperature control may be dispensed with. Even in the
case where such a control of element temperature is pro-
vided, the temperature at which the element part is main-
tained is not limited to 300°C. However, it is preferred
that the temperature at which the element part is main-
tained is lower than a PM reset temperature (500°C in
this embodiment) but is high enough to suppress the PM
deposition on the element part. The same also holds for
the following embodiments.
[0059] The first embodiment illustrates the malfunction
detection of DPF 6 performed by comparing the estimat-
ed deposition amount of PM and the PM deposition
amount based on the output of the PM sensor 8. How-
ever, the method of malfunction detection of DPF 6 does
not limit the invention in any way. The malfunction de-
tection may be accomplished by any other method. The
same also holds for the following embodiments.
[0060] The first embodiment illustrates the case where
the current value is detected as the output of the PM
sensor 8, but the output of the PM sensor 8 according to
the invention is not limited to this. The output may be a
resistance value across the electrodes 12, 14 or any other
electric characteristic correlated with the resistance val-
ue. The same also holds for the following embodiments.

Second Embodiment

[0061] A system and a PM sensor according to a sec-

ond embodiment have the same configurations as those
shown in FIG. 1 and FIG. 2. Instead of providing the con-
trol to form the poisoning prevention layer on and be-
tween the electrodes 12, 14 after the malfunction detec-
tion of DPF 6, the system of the second embodiment
predicts time when the PM emission volume increases
and performs control to permit the formation of the poi-
soning prevention layer at such a time.
[0062] In the regeneration of DPF 6, as described
above, the PM deposited in the DPF 6 is combustively
removed by raising the exhaust gas temperature. It is
therefore expected that the amount of PM and poisonous
substances emitted to the downstream of the DPF 6 in-
creases during this process. Hence, it is desirable to pre-
vent the adhesion of the PM and the like between the
electrodes 12, 14 during this process.
[0063] In the system according to the second embod-
iment, therefore, the poisoning prevention layer is formed
by depositing the PM on the electrode surfaces 12, 14
before the start of control to recover the DPF 6, thus
protecting the electrodes 12, 14 during the regeneration
control of DPF 6.
[0064] More specifically, the regeneration of DPF 6 ac-
cording to the second embodiment is performed when
the estimated deposition amount of PM, as estimated
according to the model, reaches or exceeds a reference
value (referred to as "second reference value Ref2" here-
in). According to the second embodiment, therefore, the
start of the regeneration control of DPF 6 is predicted
when the estimated deposition amount of PM in the DPF
6 reaches a third reference value Ref3 which is smaller
than the second reference value Ref2. When the start of
the regeneration control of DPF 6 is predicted, the PM
reset is inhibited. At this time, the electrodes 12, 14 are
subject to the capturing voltage. Hence, the PM is assur-
edly collected on the electrodes 12, 14 by inhibiting the
PM reset.
[0065] During a period between the third reference val-
ue Ref3 reached by the estimated deposition amount of
PM in the DPF 6 and the second reference value Ref2
reached by the estimated deposition amount of PM in
the DPF 6 (first period), the state of applying the capturing
voltage is established to collect the PM to form the poi-
soning prevention layer on the electrode surfaces 12, 14.
The third reference value Ref3 for prediction of the start
of the regeneration control of DPF 6 is set to a value such
as to allow a necessary and adequate amount of PM
deposition on the electrodes 12, 14 of the PM sensor 8
during the period between the third reference value Ref3
reached by the estimated deposition amount of PM and
the second reference value Ref2 reached by the estimat-
ed deposition amount of PM. This value is previously
obtained through experiments and the like and set arbi-
trarily.
[0066] Just after the regeneration of DPF 6, the DPF
6 is removed of the deposited PM. Hence, the DPF 6 is
prone to facilitate the passage of the PM and tends to be
decreased in purification performance. That is, the

13 14 



EP 2 740 910 A1

9

5

10

15

20

25

30

35

40

45

50

55

amount of PM and poisonous substances emitted to the
exhaust gas downstream of the DPF 6 tends to increase
just after the regeneration of DPF 6.
[0067] Therefore, the second embodiment also inhibits
the PM reset for a given period of time just after the re-
generation of DPF 6. Namely, even after the completion
of the regeneration of DPF 6, the PM reset is inhibited
until after the estimated deposition amount of PM in the
DPF 6 reaches a fourth reference value Ref4 which is
even smaller than the third reference value Ref3.
[0068] As described above, the PM reset is inhibited
during a period between the third reference value Ref3
reached by the estimated deposition amount of PM fol-
lowed by the prediction of the start of the regeneration
of DPF 6 and the fourth reference value Ref4 reached
by the estimated deposition amount of PM after the re-
generation of DPF 6 (second period). Thus, the poisoning
prevention layer is maintained to protect the electrode
surfaces 12, 14 during and after the regeneration of DPF
6. This ensures that the direct adhesion of the poisonous
substances onto the electrodes 12, 14 is prevented even
in a region that allows a large amount of poisonous sub-
stances to flow out. It is noted that the fourth reference
value Ref4 means a PM deposition amount required for
maintaining high purification performance of the DPF 6
to some degree. The fourth reference value Ref4 is set
to an optimum value through experiments and the like
and previously stored in the control unit 10.
[0069] FIG. 5 is a flow chart showing the steps of a
control routine executed by a control unit according to
the second embodiment of the invention. This routine is
repeated during the operation of the internal-combustion
engine 2. In the routine of FIG. 5, the estimated deposition
amount of PM in the DPF 6 is first calculated (S202). The
estimated deposition amount of PM is calculated based
on a model previously stored in the control unit 10.
[0070] Next, whether the value of the estimated dep-
osition amount of PM is greater than the third reference
value Ref3 or not is determined (S204). The third refer-
ence value Ref3 is a value based on which the regener-
ation of DPF 6 is predicted, and is previously stored in
the control unit 10. If "estimated deposition amount of
PM > third reference value Ref3" is not established in
Step S204, the present processing is terminated here.
[0071] If "estimated deposition amount of PM > third
reference value Ref3" is established in Step S204, on
the other hand, the PM reset is inhibited (S206). Namely,
the processing of removing the PM deposited in the PM
sensor 8 is inhibited while the PM is continuously collect-
ed in the PM sensor 8 so that the poisoning prevention
layer is formed and maintained.
[0072] Subsequently when the estimated deposition
amount of PM reaches the second reference value Ref2,
the regeneration of DPF 6 is performed. This processing
of recovering the DPF 6 is executed according to a control
program for the processing of regeneration of DPF 6
which is defined independently from the routine of FIG.
5 and stored in the control unit 10.

[0073] In the routine of FIG. 5, whether the regenera-
tion of DPF 6 is completed or not is determined (S208).
If it is not determined in Step S208 that the regeneration
of DPF 6 is completed, the determination processing of
Step S208 with the PM reset inhibited (S206) is repeated
till it is determined that the regeneration of DPF 6 is com-
pleted.
[0074] On the other hand, if it is determined in Step
S208 that the regeneration of DPF 6 is completed, the
subsequent step is performed to calculate again the es-
timated deposition amount of PM in the DPF 6 (S210).
The estimated deposition amount of PM calculated in this
step is an estimated deposition amount after completion
of the regeneration of DPF 6 and is calculated according
to the model stored in the control unit 10 the same way
as in Step S202.
[0075] Next, whether the estimated deposition amount
of PM calculated in Step S210 is greater than the fourth
reference value Ref4 or not is determined (S212). The
fourth reference value Ref4 means a reference value
which is used to determine whether or not a sufficient
amount of PM for maintaining high purification perform-
ance of the DPF 6 to some degree is deposited in the
DPF 6 and is previously stored in the control unit 10. If
"estimated deposition amount of PM > fourth reference
value Ref4" is not established in Step S210, the calcula-
tion of the estimated deposition amount of PM in Step
S210 and the decision processing in Step S212 are re-
peated till this relation is established.
[0076] If "estimated deposition amount of PM > fourth
reference value Ref4" is established in Step S210, on
the other hand, it is determined that the DPF 6 is in-
creased in the purification performance so that the
amount of PM emitted to the downstream of the DPF 6
is decreased. In this case, therefore, the inhibition of PM
reset is cancelled (S214). When this state is established,
the PM reset is performed at a necessary timing and ac-
cording to another control program stored in the control
unit 10.
[0077] According to the second embodiment, as de-
scribed above, the timing of the regeneration of DPF 6
is predicted so as to inhibit the PM reset before the start
of the regeneration and subsequently, the PM reset is
inhibited during a period between the completion of the
regeneration of DPF 6 and the re-deposition of a given
amount of PM in the DPF 6. It is noted here that the
amount of PM emitted to the downstream of the DPF 6
is expected to increase both during the regeneration of
DPF 6 and during a given period of time just after the
regeneration of DPF 6. In this regard, the second em-
bodiment is adapted to predict the period of the increase
of PM amount and to allow the poisoning prevention layer
to be previously formed on the electrode surfaces 12, 14
of the PM sensor 8. Thus, the electrodes 12, 14 are pro-
tected by the poisoning prevention layer during the period
when the PM amount in the exhaust gas is high and the
electrodes 12, 14 are susceptible to the deposition of the
poisonous substances. Accordingly, the direct adhesion
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of the poisonous substances onto the electrodes 12, 14
is effectively suppressed so that the deterioration of the
PM sensor 8 is suppressed. Hence, the PM sensor can
maintain the high output sensitivity.
[0078] According to the second embodiment, the pe-
riod between the prediction of the DPF regeneration and
the start of the DPF regeneration is equivalent to the "first
period" of the invention. The "forming means" of the in-
vention is implemented by establishing the state of ap-
plying the capturing voltage during this period. According
to the second embodiment, the period between the pre-
diction of the regeneration of DPF 6 followed by the com-
pletion of the regeneration control of DPF 6 and the fourth
reference value Ref4 reached by the estimated deposi-
tion amount of PM is equivalent to the "second period"
of the invention. The "maintaining means" of the invention
is implemented by inhibiting the PM reset during this pe-
riod.
[0079] The second embodiment illustrates the case
where the PM reset is inhibited with attention focused on
the period of the regeneration of DPF 6 and the period
just after the regeneration of DPF 6 as the region where
the amount of PM in the exhaust gas downstream from
the DPF 6 is apt to increase. However, the "second pe-
riod" of the invention in which the PM reset is inhibited is
not limited to this. For example, the "second period" may
be a period up to the completion of regeneration of DPF
6 and the poisoning prevention layer may be maintained
by inhibiting the PM reset only during this period. Alter-
natively, the "second period" may be defined only by, for
example, a period between the completion of DPF re-
generation and the fourth reference value reached by the
estimated deposition amount of PM and the PM reset
may be inhibited only during this period. The same also
holds for the following embodiments.
[0080] Further, the invention is not applied only to the
time of the regeneration of DPF 6 and the time just after
the regeneration of DPF 6 but can also be applied to, for
example, an operation region where the other poisonous
substances are apt to increase. Specifically, the poison-
ous substances are thought to be apt to increase during
the control of NSC sulfur poisoning prevention or during
the control of NOx reduction, for example. Hence, the
deposition of the poisonous substances on the electrode
surfaces 12, 14 can be suppressed by predicting the start
of these controls; forming the poisoning prevention layer
on the PM sensor during the "first period" prior to the
execution of these controls; and maintaining the poison-
ing prevention layer by inhibiting the PM reset during the
"second period" in which these controls are performed.
The same also holds for the following embodiments.
[0081] The invention is not limited to the control flow
of predicting the start of a certain control and inhibiting
the PM reset. For example, a control sequence may be
contemplated which includes: predicting a timing of shut-
ting down the internal-combustion engine 2 based on
navigation information; and inhibiting the PM reset shortly
before the engine shutdown. This provides a state where

the poisoning prevention layer is formed at the subse-
quent engine start. Since the poisoning prevention layer
has a water repellent effect, the poisoning prevention lay-
er may be formed at the time of engine shutdown whereby
the PM sensor 8 is promptly made available while pre-
venting the element fracture at the start-up of the internal-
combustion engine 2. The same also holds for the fol-
lowing embodiments.
[0082] The second embodiment illustrates the case
where when the third reference value Ref3 is reached by
the estimated deposition amount of PM in the DPF6, the
PM reset is simply inhibited so as to allow a given amount
of PM to be deposited to form the poisoning prevention
layer during the period up to the regeneration of DPF 6.
However, the invention is not limited to this. A control
may be provided such as to form the poisoning prevention
layer actively. Specifically, in a case where time to the
start of the regeneration of DPF 6 or to the start of control
for catalyst poisoning prevention is short, control may be
provided such that the shorter the time, the higher the
capturing voltage applied. This permits the PM to be more
quickly deposited on the electrodes 12, 14 to form the
poisoning prevention layer thereon. However, the appli-
cation of an excessively high voltage may result in insu-
lation breakdown of the element part, short-circuited
electrodes 12, 14 or the like. Therefore, the voltage to be
applied need be set within such a range as not to induce
the above problems. The same also holds for the follow-
ing embodiments.

Third Embodiment

[0083] A system and a PM sensor according to a third
embodiment have the same configurations as shown in
FIG. 1 and FIG. 2. The third embodiment performs control
combining the controls of the first and second embodi-
ments.
[0084] FIG. 6 is a flow chart showing the steps of a
control executed by a control unit 10 according to the
third embodiment of the invention. In a routine of FIG.6,
the same steps as S202 to S214 shown in FIG. 5 of the
second embodiment are first performed. Namely, wheth-
er the regeneration of DPF 6 is predicted or not is deter-
mined (S202, S204). If the regeneration of DPF 6 is pre-
dicted, the PM reset is inhibited (S206). Subsequently,
the inhibition of PM reset is continued during the period
between the completion of the regeneration of DPF 6
(S208) and the determination of the deposition of a given
amount of PM in the DPF 6 (S210, S212). When the
deposition of a given amount of PM is determined, the
PM reset is permitted (S214). Subsequently, the present
processing is terminated.
[0085] However, if "estimated deposition amount of
PM > third reference value Ref3" is not established in
Step S204, the same steps as S 102 to S110 shown in
FIG. 3 of the first embodiment are started subsequently.
Specifically, whether the malfunction detection of DPF 6
is completed or not is determined in Step S102. If the
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malfunction detection is not completed, the present
processing is terminated in this embodiment.
[0086] On the other hand, if it is determined in Step
S102 that the malfunction detection is completed, wheth-
er the detected sensor output (S 104) is greater than the
first reference value Ref1 or not is determined (S106).
This determination step is repeated till "sensor output >
first reference value Ref1" is established, whereby the
poisoning prevention layer is formed on the surface of
the PM sensor 8. Subsequently, the application of the
capturing voltage is shut off (S108) and the element part
of the PM sensor 8 is maintained at about 300°C (S110).
Subsequently, the present processing is terminated.

Fourth Embodiment

[0087] A system and a PM sensor 8 according to a
fourth embodiment have the same configurations as
those shown in FIG. 1 and FIG. 2. The fourth embodiment
performs the same control as that of the third embodiment
except that the control of the third embodiment is per-
formed only when the volume of PM emission from the
internal-combustion engine 2 is greater than a predeter-
mined value. That is, in the system of the fourth embod-
iment, the normal PM detection mode is given priority in
the region where the volume of PM emission from the
internal-combustion engine 2 is expected to be low.
[0088] Specifically, the PM amount in the exhaust gas
emitted from the internal-combustion engine 2 is estimat-
ed from a combustion model of the internal-combustion
engine 2. The control of FIG. 3 is performed or inhibited
depending upon whether or not the estimated PM amount
is greater than a fifth reference value Ref5 (reference
emission volume). It is noted here that the fifth reference
value Ref5 is set to a value in vicinity of an upper limit
that provides a deposition amount of poisonous sub-
stances on the PM sensor 8 within an allowable range.
This value is obtained through experiments and the like
and in consideration of the PM sensor and the allowable
range of deposition amount, and is stored in the control
unit 10.
[0089] FIG. 7 is a flow chart showing the steps of a
control routine executed by a control unit according to
the fourth embodiment of the invention. The routine of
FIG. 7 is the same as the routine of FIG 6 except that the
routine of FIG. 7 further includes Steps S402 to S406.
Specifically, the estimated PM amount is first calculated
in the routine of FIG. 7 (S402). The estimated PM amount
is the amount of PM in the exhaust gas emitted from the
internal-combustion engine 2 and is calculated according
to a model or the like.
[0090] Next, whether the estimated PM amount is
greater than the fifth reference value Ref5 or not is de-
termined (S404). If "estimated PM amount > fifth refer-
ence value Ref5" is not established here, the PM depo-
sition control for forming the poisoning prevention layer
illustrated in FIG. 6 is inhibited (S406) and the present
processing is terminated. On the other hand, if "estimated

PM amount > fifth reference value Ref5" is established
in Step S404, the same steps as those of FIG. 6 follow
and the present processing is terminated.
[0091] According to the fourth embodiment, as de-
scribed above, the formation of the poisoning prevention
layer is inhibited in the region where the estimated PM
amount is low, and the sensor is used as the normal PM
sensor. On the other hand, the control to form the poi-
soning prevention layer is performed in the region where
the estimated PM amount is high. In this manner, the
poisoning prevention layer is formed as needed to protect
the electrodes 12, 14 while the PM sensor output can be
obtained from the PM sensor 8 without the poisoning
prevention layer formed thereon in the region where the
PM amount is low. Thus, the PM sensor 8 is effectively
improved in durability while the detection of PM amount
and the malfunction detection can be accomplished with
higher accuracies in the region where the PM emission
volume is low.
[0092] The fourth embodiment illustrates the case
where the PM deposition control is inhibited when the
estimated PM amount is calculated and the estimated
PM amount thus calculated is equal to or less than the
fifth reference value. According to the invention, howev-
er, the basis of the decision on the inhibition of the PM
deposition control is not limited to the comparison be-
tween the estimated PM amount and the fifth reference
value.
[0093] Further, the fourth embodiment illustrates the
case where the invention is applied to the third embodi-
ment but the processing of FIG. 6 is inhibited in the region
where the estimated PM amount is low. However, the
invention is not limited to this and the control of the fourth
embodiment is applicable to the control to form the poi-
soning prevention layer and to maintain the same as il-
lustrated by the first embodiment or the second embod-
iment.
[0094] The number, numerical quantity, volume, range
or the like of each of the elements stated in the above
embodiments does not limit the invention unless such
number, numerical quantity, volume, range or the like is
particularly defined or clearly specified in principle. The
configurations, steps and the like illustrated by the em-
bodiments are not necessarily essential to the invention
unless such a configuration, step or the like is particularly
defined or clearly specified in principle.

DESCRIPTION OF REFERENCE NUMERALS

[0095]

2: internal-combustion engine
4: exhaust passage
6: DPF
8: PM sensor
10: control unit
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Claims

1. A control unit for internal-combustion engine com-
prising:

detecting means for detecting a particulate
amount in an exhaust gas through an exhaust
passage in response to an output of a particulate
matter sensor installed in the exhaust passage
of an internal-combustion engine;
forming means for forming a particulate layer on
surfaces of electrodes of the particulate matter
sensor by applying a particulate capturing volt-
age between the electrodes during a first period;
and
maintaining means for maintaining, during a
second period, the state where the particulate
layer is formed.

2. The control unit for internal-combustion engine ac-
cording to claim 1, wherein a particulate capturing
filter for capturing the particulate matter in the ex-
haust gas is disposed in the exhaust passage at
place upstream of the particulate matter sensor,
the first period is a period between the completion
of malfunction detection control to determine wheth-
er a malfunction of the particulate capturing filter ex-
ists or not and a reference output reached by the
output of the particulate matter sensor,
the second period is a period between the reference
output reached by the output of the particulate matter
sensor and the shutdown of the internal-combustion
engine, and
the maintaining means maintains the particulate lay-
er by stopping the application of the capturing volt-
age.

3. The control unit for internal-combustion engine ac-
cording to claim 2, further comprising:

means for combustively removing the particu-
late matter deposited on an element part by rais-
ing the temperature of the element part formed
with the electrodes of the particulate matter sen-
sor; and
temperature control means for controlling the el-
ement part to be at a predetermined temperature
lower than a temperature for combustive remov-
al of the particulate matter and high enough to
suppress the deposition of the particulate matter
on the element part during a period between the
voltage application continued by the forming
means till the output of the particulate matter
sensor reaches the reference output and the
shutdown of the internal-combustion engine.

4. The control unit for internal-combustion engine ac-
cording to any one of claims 1 to 3, comprising:

a particulate capturing filter that captures the
particulate matter in the exhaust gas and is dis-
posed in the exhaust passage at place upstream
of the particulate matter sensor; and
removing means for combustively removing the
particulate matter deposited on an element part
by raising the temperature of the element part
formed with the electrodes of the particulate
matter sensor,
wherein the first period includes at least a period
up to the start of filter regeneration control to
remove the particulate matter deposited in the
particulate capturing filter,
the second period includes at least a period be-
tween the prediction of the start of the filter re-
generation control and the completion of the fil-
ter regeneration control, and
the maintaining means maintains the particulate
layer by inhibiting the combustive removal of the
particulate matter on the element part.

5. The control unit for internal-combustion engine ac-
cording to claim 4, wherein the first period includes
a period between the prediction of the start of the
filter regeneration control and the start of the filter
regeneration control.

6. The control unit for internal-combustion engine ac-
cording to claim 4 or 5, wherein the second period
further includes a period between the completion of
the filter regeneration control and a reference dep-
osition amount exceeded by the particulate matter
deposited in the particulate capturing filter.

7. The control unit for internal-combustion engine ac-
cording to any one of claims 1 to 6, further compris-
ing:

means for estimating a particulate amount in the
exhaust gas emitted from the internal-combus-
tion engine; and
inhibiting means for inhibiting the maintenance
of the particulate layer by the maintaining means
in a case where the estimated particulate
amount is smaller than a reference emission vol-
ume.
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